cu y j-t w/jtvu'Air-i*w/^ ,* " " 

Si 

I 0 

^ dEST AVAILABLE COPY 

JP60-0041S9 

SPECIFICATION 

1. TITLE OF INVENTION 

PROCESS FOR PREPARING # -LACTAM COMPOUNDS 

2. CLAIM 

A process for preparing & -lactam compounds, which comprises reacting a 
compound of the formula: 




0) 



[wherein A is -CODHJ^- or -CH 2 -CB= (in which B is a hydrogen atom, a 
halogen atom, an alkoxy group, a vinyl group or -CHJ) (in which D is a 
hydrogen atom, a halogen atom, an alkoxy group, an acetoxy group, a 
carhamoyloxy group, an alkylthio group, an aromatic heterocycle-thio group 
or a pyridinio group)), R 1 is a hydrogen atom or an alkoxy group and R 2 is a 
hydrogen atom, a metal atom or an ester residue] with a carboxylic acid or its 
salt of the formula: 
R 3 COOR 4 

[wherein R 3 is an acyl group and R 4 is a hydrogen atom, a metal atom or an 
ammonium ion] in the presence of phosphorus oxychloride to give a 
compound of the formula: 




[wherein A, R\ R 2 and R 3 are each as defined above]. 
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3. DETAILED EXPLANATION OF INVNETION 



The present invention relates to a process for preparing a & -lactam 
antibiotic derivative by acylation of an amino group in a /? -lactam antibiotic 
substance. 

A variety of & -lactam antibiotic substances obtainable by acylation of an 
amino group in 0 -aminopenicillanic acid or y -aminocephalosporanic acid 
derivatives exhibit excellent anti-microbial activity and are used widely as 
anti-microbial agents. For acylation of an amino group in £ - 
aminopenicillanic acid or y -aminocephalosporanic acid derivatives, there 
are known many methods, which include acid chloride method using 
phosphorus pentoxide or thionyl chloride, Vilsmeyer method using DMF- 
POCl 3 , mixed acid anhydride method with isobutyloxycarbonyl chloride, 
activated esterification method with N-hydroxybenzotriazole-DCC or 
triphenylphosphine-diethylazodicarboxylate, etc. 

Said acylation methods are defective in having strict limitation on the 
reaction temperature and the solvent to be used and being apt to cause side 
reactions. For instance, the double bond at the 3-position of cephalosporins 
is rearranged to the 2-position; an oxime group in an acylating agent is 
isomerized from the syn form to the anti form; a tert-butoxycarbonyl group 
as an acyl-protective group is so weak to an acid that elimination of the 
protective group takes place, etc. Due to such side reactions, conventional 
acylation methods make frequently the isolation of the objective product 
troublesome. Also, the activated esterification method using, for instance, 
N-hydroxybenzotriazole-DCC or triphenylphosphine-diethylazodicarboxylate 
produces the by-products originated from the reagents in addition to said 
side reactions, whereby separation of the objective product becomes difficult. 

In order to overcome the above defectiveness, the present inventors have 
investigated extensively on various methods for acylation of the amino group 
in 0 -lactam antibiotic substances and found that the acylation with 
phosphorus oxychloride facilitates the reaction operation and does neither 
cause said side reactions nor produce any hardly separable by-products from 
the reagent. Thus, it provides a very excellent acylation method. This 
invention is based on the above finding. 
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In the formula (I), R 1 is a hydrogen atom or an alkoxy group such as methoxy 
or ethoxy, and R 2 is a hydrogen atom, a metal atom (e.g. lithium, sodium, 
potassium) or an ester residue. Examples of the ester residue are a 
carboxyl-protecting group which is not limitative and includes any group 
usually employed for protection of a carboxyl group in 0 -lactam antibiotic 
substances (e.g. tert-butyl, benzhydryl, 2,2,2-trichloroethyl, aryl, p- 
methoxybenzyl, p-nitrobenzyl, trimethylsilyl, methoxy-methyl, 
benzyloxymethyl, phenacyl), a group of the formula: -CHR 5 C02R 6 wherein 
R 5 is a hydrogen atom or a lower alkyl group (e.g. methyl, ethyl) and R 6 is a 
straight or branced alkyl group (e.g. methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, sec-butyl, pentyl, 3-pentyl, tert-pentyl, hexyl, 3-hexyl) or a 
d. 6 cycloalkyl group (e.g. cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl) and 
a group of the formula: -CH 2 COOR 7 wherein R 7 is a lower alkyl group (e.g. 
methyl, ethyl, propyl, isopropyl, isobutyl, sec-butyl, isobutyl, tert-butyl) or a 
cycloalkyl group substituted with lower alkyl (e.g. 1 -methyl- 1-cyclopentyl, 1- 
methyl-1 -cyclohexyl, 1-ethyl-l-cyclopeiixyl). 

A is -C{CH^) 2 - or -CH 2 -CB= in which B is a hydrogen atom, a halogen 
atom(e.g. fluorine, chlorine, bromine), an alkoxy group (e.g. methoxy, ethoxy, 
propoxy), a vinyl group or -CH^D in which D is a hydrogen atom, a halogen 
atom (e.g. fluorine, chlorine, bromine), an alkoxy group (e.g. methoxy, 
ethoxy), an acetoxy group, a carbamoyloxy group, an alkylthio group (e.g. 
methyl thio, ethylthio), an aromatic heterocycle-thio group (e.g. 1-methyl-lH- 
tetrazol-5-ylthio, l-carboxymethyl-lH-tetrazol-5-ylthio, 1 -(2- 

dimethylaminoethan-l-yl)-lH-tetrazol-5-ylthio, l,3,4-thiadiazol-2-ylthio, 5- 
methyl-l,3,4-thiadiazol-2-ylthio, 2,5-dihydro-6-hydroxy-2-methyl-5-oxo-as- 
triazin-3-ylthio) or a pyridinio group (e.g. 1-pyridinio, 4-carbamoyl-l- 
pyridinio), etc. 

The present invention is concerned with a process for preparing the 
compound of the formula (III) which comprises reacting the compound of the 
formula (I) and the compound of the formula (II) using phosphorus 
oxychloride in the presence of a base. 
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In the formula (II), R 3 is 

a chloromethyl group; 
a dichloromethyl group; 

an optionally substituted phenoxymethyl group, the substituent 
being halogen (e.g. chlorine, bromine), methoxy, nitro or acetoxy 
. present at the o-, m- or p-position); 
an aromatic heterocycle-substituted methyl group (e.g. 2-thenyl, 
furfuryl, 2 -protected aminothiazol-4-ylmethyl, the protective group 
being not limitative and including such conventional ones as trityl, 
formyl, chloroacetyl, trifluoroacetyl, tert-butoxycarbonyl, 2,2,2- 
trichloroethoxycarbonyl, benzyloxycarbonyl, p- 

nitrobenzyloxycarbonyl or allyloxycarbonyl); 
a 2-aminothiazol-4-ylmethyl group; 
a group of the formula: R^CHCNHR 9 )- wherein 
R 8 is phenyl; 

o-, m- or p-hydroxyphenyl in which the hydroxyl group is 
optionaly protected with any conventional group such as 
trimethylsilyl, tert-butyldimethylsilyl, benzyloxycarbonyl, p- 
nitrobenzyloxycarbonyl, allyloxycarbonyl or 2,2,2- 
trichloroethoxycarbonyl); 

an aromatic heterocyclic group (e.g. 2-fuxyl, 2-thienyl); or 
a group of the formula: -CHR u -OR 10 wherein R 30 is 
hydrogen or a protective group for hydroxyl, the protective 
group being not limitative and including trimethylsilyl, tert- 
butyldimethylsilyl, benzyloxycarbonyl, p- 

nitrobenzyloxycarbonyl, allyloxycarbonyl, methoxymethyl 
and tetrahydropyranyl and R 11 is lower alkyl (e.g. methyl, 
ethyl, propyl, isopropyl), and 
R 9 is hydrogen; 

a protective group for amino (the protective group beiiig not 
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limitative and including formyl, acetyl, chloroacetyl, 
trifluoroacetyl, trityl, tert-butoxycarbonyl, 2,2,2- 
trichloroethoxycarbonyl, benzyloxycarbonyl, p- 

nitrobenzyloxycarbonyl and allyloxycarbonyl); or 
an acyl group of the formula: R I2 CO- wherein R 12 is 4-ethyl- 
2,3- dioxopiperazin- 1 -yl, 6,7-dihydroxychrornon-3-yl, 4- 
hy droxy-6-methylpyxidin-3 -yl, 4-hydroxy- 1 , 5-n aphthyridin-3- 
yl or N-3,4-dihydroxybenzoyl)-N-methylamino, the hydroxyl 
group in these groups being protected with any conventional 
protective group for hydroxyl such as acetyl, trifluoroacetyl, 
chloroacetyl, benzoyl, p-nitrobenzoyl, tetrahydropyranyl, 
methoxymethyl, benzyloxymethyl, trimethylsilyl, tert- 
butyldimethylsilyl, trityl, tert-butyl, 2,2,2- 

trichloroethoxycarbonyl, benzyloxycarbonyl, p- 

nitrobenzyloxycarbonyl or allyloxycarbonyl; 
a group of the formula: R^^CH- wherein 
R fl is as defined above; and 

R 15 is carboxy, protected carboxy (the protective group being 
not limitative and including tert-butyl, trityl, benzhydryl, 
trimethylsilyl, tert-butyldimethylsilyl, 2,2,2-trichloroethyl, p- 
nitrobenzyl, p-methoxybenzyl or allyl) or sulfonyloxy; 

a group of the formula: R 14 NH X 

wherein 

N -C(=NORl5)- 
R 14 is hydrogen or a protective group for amino, the protective 
group being not limitative and including trityl, formyl, acetyl, 
chloroacetyl, trifluoroacetyl, tert-butoxycarbonyl, 2,2,2- 
trichloroethoxycarbonyl, benzyloxycarbonyl, p- 

nitrobenzyloxycarbonyl and allyloxycarbonyl; R 15 is a 
straight or branched alkyl group (e.g. as methyl, propyl 
isopropyl) optionally bearing a substituent of 1 to 3 carbon 
atoms such as methyl, ethyl, fluorine, chlorine, bromine, 
hydroxyl, acetoxy, dimethylamino or carboxy, which may be 
specifically -CH 2 CH 2 R 16 (wherein R 16 is fluorine, chlorine, 
bromine, hydroxyl, acetoxy, dimethylamino or carboxy) or - 
CR l7 R 18 -C0 2 R 19 (wherein R 17 is hydrogen, methyl or ethyl, R 18 
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is hydrogen, methyl or ethyl and R 19 is hydrogen or a 
protective group for carboxy (the protective group being not 
limitative and including tert-butyl, trityl, benzhydryl, 
trimethylsilyl, tert-butyl dim ethylsilyl, 2,2,2-trichloroethyl, p- 
nitrobenzyl, p-methoxybenzyl or allyl)); and 
X is NH, oxygen or sulfur; 
the oxime in the formula taking a syn-form; or 
a group of the formula: Z-CH 2 -CO-C(=NOR 1B )- wherein 

Z is hydrogen, halogen (e.g. chlorine, bromine, iodine), 
mesyloxy, tosyloxy or benzenesulfonyloxy; and 
R 16 is as defined above; 

the oxime in the formula taking a syn form. 

R 4 is a hydrogen atom, a metal atom (e.g. sodium, lithium, potassium) or an 
ammonium ion such as the one formed from an amine (e.g. dimethylamine, 
diethylamine, diisopropylamine, dioctylamine, dicydohexylamine, 
dicyclohexyhsopropylamine, triethylainine, tributylaniiue, DABCO, N,N- 
dimethylaniline, N,N-diethyIaniline, pyridine, lutddine, collidine, 4- 
dimethylaminopyridine, quin oline, i^oquinoline) with R 3 COOH wherein R 3 is 
as defined for R 3 in the formula (II). 

The compound of the formula (I) and the compound of the formula (II) axe 
dissolved or suspended in an organic solvent (which is not limitative and 
includes aromatic hydrocarbons (e.g. benzene, toluene, xylene), ethers (e.g. 
diethyl ether, tetrahydrofuran, dioxane), halogenated hydrocarbons (e.g. 
dichlorom ethane, chloroform, carbon tetrachloride), acetonitrile, ethyl 
acetate, acetone, water and their mixtures), phosphorus oxychlordie is added 
thereto in the presence of 1 to 3 equivalents of a secondary or tertiary amine 
(which is not limitative insofar as the progress of the reaction is not 
prevented and includes secondary amines (e.g. dimethylamine, diethylamine, 
diisopropylamine, dioctylamine, dicydohexylamine, 

cydohexylisopropylamine) and tertinary amines (e.g. triethylamine, 
tributylamine, DABCO, N,N-dimethylaniline, N t N-diethylaniline, pyridine, 
lutidine, collidine, 4-dimethylaminopyridine, quinoline, isoquinoline) at a 
temperature of -30°C to room temperature, and the reaction is effected for a 
period of 10 minutes to several hours. Treatment of the reaction mixture by 
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an ordinary procedure affords the compound of the formula (HI) wherein Rl, 
R2, R3 and A are each as defined above, which may be further purified by 
chromatography, recrystallization or reprecipitation to give the objective 
product. 

The present invention will be hereinafter explained by way of Examples. 



[Example 1] 0 




1- (Isopropyloxycarboriy]oxy)ethyl 7-[2-(2-formylaininothiazol-4-yl)-(Z)-2- 
methoxyimino-acetamidol-3-methoxymethyl-3-cephem-4-carboxylate 
(Isomer A based on the ester portion) 

r~ i. 

2- (2-Formylaminothiazol^-yl)-(Z)-2-methoxyiiniiioacetic acid (252 mg) and 
l-(isopropyloxycarbonyloxy)ethyl 7-amino-3-metlioxymethyl-3-cephem-4- 
carboxylate p-toluenesulfonate (Isomer A) (547 mg) are suspended in ethyl 
acetate (6 ml), N,N-diethylaniline (478 mg) is added thereto, and the 
resultant mixture is cooled to -10*0. A solution of phosphorus oxychloride 
(169 mg) in ethyl acetate (1 ml) is dropwise added thereto, followed by 
stirring at the same temperature as above for 20 minutes. The reaction 
mixture is washed with dilute hydrochloric acid, 5 % aqueous sodium 
hydrogen carbonate solution and an aqueous sodium chloride solution in 
order, dried over anhydrous magnesium sulfate and concentrated under 
reduced pressure. The residue is washed with diisoproopyl ether and 
collected by filtration to give said objective compound (537 mg). 

NMR ( 5 ppm, deuteroacetone): 
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t.ae ( • » > « . J - i fi» ) , 144 ( ib , 

4 . 1 - M B, ) . Ul ( I R . • ) , 151 ( 
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f ) . ill ( 1 I , B« p , ) , 111 
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J - $ B, , J - I I, ) , U| < I B f q , J 

- U Bi ) t lit ( I I , I ) , Ul ( 1 I , 
i . ^|B. ) # «l( » B . • ) 



[Example 2] 



BOX 



-yTV 




l-(Isopropyloxycarbonyloxy)ethyl 7-[2-(2-formylaminothiazol-4-yl)-(Z)-2- 
methoxyimino-acetamido]-3-methoxymethy^ 
(Iso mer B bas ed on the ester portion) 



[2a] 

2-(2-Formylaminothiazol-4-yl)-(Z)-2-methoxyiminoacetic acid (252 mg) and 
l-(isopropyloxycarbonyloxy)ethyl 7-amino-3-metboxymethyl-3-cephem-4- 
carboxylate hydrochloride (Isomer B) (411 mg) are suspended in methylene 
chloride (6 ml), pyridine (253 mg) is added thereto, and the resultant mixture 
is cooled to -\b°C. A solution of phosphorus oxychloride (169 mg) in 
methylene chloride (1 ml) is dropwise added thereto, followed by stirring at 
the same temperature as above for 20 minutes. The reaction mixture is 
admixed with ethyl acetate, washed with dilute hydrochloric acid, 5 % 
aqueous sodium hydrogen carbonate solution and an aqueous sodium 
chloride solution in order, dried over anhydrous magnesium sulfate and 
concentrated under reduced pressure. The residue is washed with 
diisoproopyl ether and collected by filtration to give said objective compound 
(515 mg). 
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NMR ( 5 ppm, deuteroacetone): 

LIB ( • B . 4 , * - • B» > . Ul C » 

t , ; « U B| ) . Ul ( M ( f ) . ur ( 
I I , i ) i M4 < S I , • ) . Ul ( } B , 
A ) v ill ( f B , 8«» , J*| &■ ) , 114 
( I B , 4 , ' - I Bg ) r III ( I I , d4 . 
f » I ll . X « | B| ) ( Ml ( f I . q i ' 
- i 9« ) . t • '» ••>,•■■»■( t B , 

d , J - I Dl ) , ISI ( 1 H , I ) 

[2b] 

The reaction is effected with the same amounts and reaction conditions as in 
[Example 2a] but using tetrahydrofuran as the solvent to give the above 
product (351 mg). 

[2c] 

The reaction is effected with the same amounts and reaction conditions as in 
[Example 2a] but using dicyclohexylamine (199 mg) and N,N-diethylaniline 
(328 mg) in place of pyridine to give the above product (494 mg). 



[Example 3] 




l-(Isopropyloxycarbonyloxy)ethyl 7-(4-methanesulonyloxy-(Z)-2- 
methoxyimino-3-oxobutyrylamino)-3-methoxymethyl-3-cephem-4- 
carboxylate (Isomer b based on the ester portion) 

4-MethanesulfonyloxyKZ)-2-methoxyimino-3-oxo-butyTic acid 
dicyclohexylamine salt (4.42 g), l-(isopropyloxycarbonyloxy)ethyl 7-amino-3~ 
methoxymethyl-3-cephem-4-carboxylate p-toluenesulfonate (Isomer B) (5.47 
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g), N,N-diethylaniline (2.98 g), phosphorus oxychloride (1.61 g) and ethyl 
acetate (70 ml) are subjected to reaction in the same manner as in [Example 
1], followed by post-treatment. Recrystallization from ethanol affords the 
above objective compound (5.46 g). MP., 120^121^. 

NMR ( 6 ppm, deuterochloroform): 

in ( b ■ , a , j - I b, > , us ( i a 

» 4 • ' - « >l ) , IU ( 1 H , ■ ) , M| 

C * b m , ) . *s» < i a . • y , am ( a a 
„ a ) , ui ( i a . e.p » — § Kg } • 

418 ( I K , d , J « S H» ) , «J ( 3 B , 
• > , M • ( I H , M , J « ) H| , 7 - | 
B. ) , «r ( 1 H , , , J W u h, ) , T.l| 

[Example 4] 



tert-Butyl 7-[2-(2-formylaminothiazol-4-yl)-(Z)-2-methoxyiminoacetamid 
methoxy-methyl-3-cephem-4-carboxylate 

2-(2Tormylaminothiazol-4-yl)-(Z)-2-methoxyiminoacetic acid (378 mg), tert- 
butyl 7-amino-3-methoxymethyl-3-cephem-4-carboxylate (451 mg), N,N- 
diethylaniline (492 mg), phosphorus oxychloride (253 mg) and ethyl acetate 
(7 ml) are subjected to reaction in the same manner as in [Example 1], 
foDowed by post- treatment to give the above objective compound (664 mg). 
M.P., 140-1561C (decomp.). 

NMR ( 5 ppm, deutero-dimethylsulfoxide): 
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[Example 5] 

M 

toot, c -*-~r l,> i 0 i 

CO,CB#, 

Diphenylmethyl 7-I2-(2-chloroacetemidothiazol-4-yl)-(Z)-2- 

methoxyiminoacetamido]-3-(l,3,4-thiadia^ 

carboxylate 

2-(2-Chloroacetamidothiazol-4-yl)-(Z)-2-methoxyiiiLinoacetic acid (153 mg), 
diphenylm ethyl 7-aiiuno-3-(l,3,4-tHadiazol-2-yl)thiomethyl-3-cephem-4- 
carboxylate (248 mg), N,N-diethylaniline (387 mg), phosphorus oxychloride 
(85 mg) and ethyl acetate (5 ml) are subjected to reaction in the same 
manner as in [Example 1], followed by post-treatment to give the above 
objective compound (664 mg). 
NMR ( 6 ppm, deutero-chloroform): 

l«t < * H , • ). , l|f c * b • • ) • 4»? 
(SB, (IB. ABq . J - t4 R a 

) , ui( i i I. 1 ) , ui C 1 

h , id , * - * a, , j - i b« > . < i 

B . • > . 7.11 C » « • • ) • Ml < 1 B , 
• ) . T-0 — 7.5 < 10 B , a > , T.l 4 C 1 B , 
4 , ' - I 8. ) , ill ( IK , • ) 
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[Example 6] 



yoc/i Hcore 



Diphenylmethyl 7-[2-(2-formylaminothiazol-4-yl)-(Z)-2-tert- 
butoxycarbonylmethoxy-iminoacetamido]-3-vinyl-3-cephem-4-carboxylate 

2-(2-Foimylaminothiazol-4-yl)-(Z)-2-tert^ 

acid (254 mg), diphenylmethyl 7-amino-3-vinyl-3-cephem-4-carboxylate 
hydrochloride (300 mg), N,N-diethylaruline (334 mg), phosphorus 
oxychloride (118 mg) and methylene chloride (5 ml) are subjected to reaction 
in the same manner as in [Example 2a], followed by post-treatment to give 
the above objective compound (451 mg). 
NMR ( 5 ppm, deutero-chloroform): 

M2 ( I B , i ) , if} M I i I ) i MS 

M (»■,■) , IMS { I B f 41 , ; 
~ 5 Bs . / - t *. > . lift < 1 B , ■ ) . 
74 - 7i ( 10 B , i ) , Ml ( 1 K , i ) , 
M] ( I B ( , ) , BJ4 ( 1 H , 4 f J - I 
B. ) 



[Example 7] 

«\ ° T 
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2,2,2-Tricbloroethyl 7-[2-(2-tritylaminothiazol-4-yl)-^^ 
fluoroethoxy)iminoacet-amido]-3-methyl-3-cephem 



2-(2/MtylaminotWazol-4-ylMZ)-2-(2-fl^ (499 mg), 

2,2,2-trichloroethyl 7-aro;mo-3-methyl-3-cephein-4-carboxylate hydrochloride 
(350 mg), N,N-diethylaniline (463 mg), phosphorus oxychloride (161 mg) and 
methylene chloride (7 ml) are subjected to reaction in the same manner as in 
[Example 2al, followed by post-treatment to give the above objective 
compound (650 mg). 

NMR ( 6 ppm, deutero-chloroform): 

tl| ( I I , • ) , Ul ( I H , ABq , J- 

,»)•♦■•< 1 A X - 12 &») , 

tll( 1 » , d . / - i Bl ) . "I ( I » r 

Ad , J - Mi , J - I Ht ) . Ul (IK, 

l ) , III ( I H , 4 , ; - Mi ) , TJX ( 

[Example 8J 



Diphenylmethyl 7-t2«(2-aminothiazol-4-yl)-(Z)-2-methoxyirninoacetamido]-3- 
acetoxymethyl-3-cephem-4-carboxylate 

2-(2-Aminothiazol-4-yl)-(Z)-2-methoxyiminoacetic acid (254 mg), 
diphenylmethyl 7-amino-3-acetoxymethyl-3-cephem-4-carboxylate (503 mg), 
dicylohexylaniine (228 mg), N,N-diethylaniline (344 mg), phosphorus 
oxychloride (192 mg) and ethyl acetate (15 ml) are subjected to reaction in 
the same manner as in [Example 2c], followed by column chromatography 
using silica gel to give the above objective compound (588 mg). 
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Developing solvent: n-hexane-ethyl acetate (1:2) — * ethyl acetate. 
NMR ( 5 ppm, deutero-chloroform): 

III ( 1 I . i ) . ill ( ) B , ■ ) , Uf 

( I B . m ) , 4rS ( I B , ABq t J - II H. 

) t 411 ( I H f 1 v J-SBf ) , UK I 

H , a ) • ( ' H , &* , 7 ~ » B« , J - 

* »• > . isi r t i b . • 

) , r.tr C *• K , m > , Alt ( f S , a • » 
-IB*) 

[Example 9] 

Diphenylmethyl 7-[2-(2-chloroacetamidotliiazol-4-yl)-(Z)-2- 
methoxyiminoacetamido]-3-metliyl-3-cephein-4-carboxylate 

2-(2-Chloroacet^midothiazol-4-yl)-(Z)-2-mellioxyiniinoacetic acid (139 mg), 
diphenyl-methyl 7-amino-3HOiethyl-3-cephem-4-carboxylate (190 mg), 
dicylohexyl amine (90.6 mg), N,N-diethylarriline (74.5 mg), phosphorus 
oxycMoride (76.7 mg) and methylene chloride (3 ml) are subjected to reaction 
in the same manner as in [Example 2c], followed by post-treatment to give 
the above objective compound (295 mg). 
NMR ( 5 ppm, deutero-chloroform): 

Ul ( I B f i ) , Ul ( 2 1 , AB«i , J - 

ii »i ) , mi ( )B . • ) , oo ( * a , • 

) . Ill C I B „ d . J - S B» ) , 1.14 ( f 

■ . a* , * - f B« t j - i n m > • car ( i 

B . • ) . IM ( 1 K . • K T.I - M < 10 



roc** 

0E,0£ t 
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[Example 10J 



CO 1 013 



Diphenylmethyl 7-[2-(2-formylaminottaazol-4-yl)-(Z)-2- 
me1fcoxyiminoacetamido]-3<hloromethyl-3-c^^ 

2-(2-Formylannnothiazol-4^ acid (532 mg), 

diphenyl-methyl 7-amino-3-chloromethyl-3-cephem-4-carboxylate 
hydrochloride (1.0 g), dicylohexylamine (422 mg), N,N-diethylaniline (661 
mg), phosphorus oxychloride (337 mg) and methylene chloride (12 ml) are 
subjected to reaction in the same manner as in [Example 2c], followed by 
post-treatment to give the above objective compound (1.084 g). 
NMR ( 5 ppm, deu ter o - dim ethyl sulfoxi de) : 

&ir ( a i , i ) i tit ( a b . ■ ) . M 

SJ4 < IB ; di . J - I Hi . y - I 8i ) . 

in ( fa , f),n-7.i( le a . ■ 1 . 

f.4t ( 1 I , • ) f Ml ( t B , i ) t »;i 
< 1 B , fl . X - • B. > 



[Example 11] 

I o I uB K a^ 3 



*OB00B H J B^ 



Diphenylmethyl 7-(D- a -tert-butoxybarbonylaminophenylacetamido)-3- 
methoxymethyl- 3-eephem-4-carboxylate 
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D- a -tert-Butoxycarbonylamixioplienylacetic acid (276 mg), diphenylm ethyl 
7-amino-3-methoxymethyl-3-cephem-4-carboxylate (410 mg), N,N- 
diethylaniline (373 mg), phosphorus oxychloiide (169 mg) and methylene 
chloride (7 ml) are subjected to reaction in the same manner as in [Example 
2a], followed by post treatment to give the above objective compound (461 
mg). 

NMR ( 6 ppm, deutero-chloroform): 

mi ( • a . b ) . *u ( » « , • ) . U4 
( : b , i ) , in ( i h , i ) , ai ( 1 b 

, d » ' 45 Bm ) » 1.1? { I B , * • 7 - • 

Bi ) . ITJ I 1 H . 4d . ' - 11 Bi , J - I 

>i } • Ml ( I I i I i ' - I «• ) ^ M»C 
1 B # i ) , « ^ W ( II B , ■ ) 



cephem-4-carboxylate 

4 -Methoxyphenoxy acetic acid (200 mg), diphenylmethyl 7-amino-3- 
methoxymethyl-3-cephem-4-carboxylate (410 mg), N,N-diethylani]ine (373 
mg), phosphorus oxy chloride (169 mg) and ethyl acetate (7 ml) are subjected 
to reaction in the same manner as in [Example 2c], followed by post- 
treatment to give the above objective compound (550 mg). 
NMR ( 5 ppm, deutero-chloroform): 



[Example 12] 





Diphenylmethyl 



7-(4>methoxyphenoxy)acetamido-3-methoxymethyl-3- 
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[Example 13] 
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Diphenylmethyl 7 /3 -(4 -nitrophenoxy)acetamido-7 a -methoxy-3-( 1-m ethyl - 
iri-tetxazol-5-yl)thiomethyl-3-cephem-4-caxboxylate 



dissolved in methylene chloride (3 ml) and cooled at -10*C Phosphorus 
oxychloride (92 mg) is drop wise added thereto, followed by stirring for 5 
minutes. Then, a solution of diphenylmethyl 7 (i -amino- 7 <x -methoxy-3-(l- 
methyl- lH-tetrazol-5-yl)thiomethyl-3-ceph em -4-carboxylate (262 mg) in 
methylene chloride (2 ml) is dropwise added thereto, and stirring is effected 
for 1 hour. The reaction mixture is admixed with ethyl acetate, washed 
with dilute hydrochloric acid, a 5% aqueous solution of sodium hydrogen 
carbonate and an aqueous sodium hydrochloride solution in order, dried over 
anhydrous magnesium sulfate and concentrated under reduced pressure. 
The residue is purified by column chromatography on silica gel to give the 
above objective. compound (44 mg). 
Developing solvent: ethyl acetate-cyclohexane (1:1). 
NMR ( 8 ppm, deutero-chlorofororm): 



4-Nitrophenoxyacetic acid (118 mg) and N,N-diethylaniline (179 mg) are 
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[Example 14] 



Phenacyl 6-(4-nitrophenoxy)acetamidopeniriIlanate 

Reaction is carried out in the same manner as in [Example 2a] using 4- 
nitrophenoxyacetic acid (207 mg), phenacyl 6- aminop eni ciTl a n ate 
hydrochloride (371 mg), N,N-diethylaniline (463 mg), phosphorus 
oxychloride (161 mg) and methylene chloride (7 ml), followed by post- 
treatment to give the above objective compound (430 mg). 
NMR ( 5 ppm, deutero-chlorofororm): 
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[Example 15] 



7-(4-Nitrophenoxy)acetamido-3-acetoxymethyl-3-cephem-4-carboxylic acid 







OOjB 
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4-Nitrophenoxyacetic acid (434 mg) is suspended in ethyl acetate (4 ml), and 
N,N-diethylaniline (298 mg), foUowed by cooling to -10°C. Phosphorus 
oxychloride (337 nig) is dropwise added thereto, followed by stirring for 5 
minutes. The resulting mixture is added to a solution of 7- 
aminocephalosporanic acid (545 mg) and sodium hydrogen carbonate (840 
mg) in 50 % hydrous acetone (14 ml) while cooling with ice, and stirring is 
continued for 1 hour. The reaction mixture is concentrated under reduced 
pressure to remove acetone, admixed with a 5 % aqueous solution of sodium 
hydrogen carbonate and washed with ethyl acetate. To the aqueous phase, 
ethyl acetate is added, and cone, hydrochloric acid is added dropwise while 
stirring to make pH 2. The organic phase is separated, dried over 
anhydrous magnesium sulfate and concentrated under reduced pressure to 
give the above objective compound (630 mg). 
NMR ( 6 ppm, deutero-chmethylsulfoxide): 

xos c * * * ■ ) » c i » . * > » *ti 
) . ttt c t a „ «. . j - s ju ) . «.?• ( » 

B . &4 , J-J B. . J - I B, ) , 7Jt < I 
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[Example 161 

° oo,* 



7K4-Methox5Tphenoxy)acetamido-3-acetoxymethyl-3-cephem-4-carboxyHc 
acid 

7-Aminocephalosporanic acid (545 mg) is suspended in anhydrous methylene 
chloride (7 ml) and cooled with ice. N^-Bistrimethylsilylacetamide (1.03 
mg) is dropwise added thereto, and stirring is continued at room 
temperature for 50 minutes. Separately, 4-methoxyphenoxyacetic acid (401 
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mg) is dissolved in anhydrous methylene chloride (5 ml), and N,N- 
diethyl aniline (298 mg) is added thereto, followed by cooling to -lOTl. 
Phosphorus oxychloride (337 mg) is dropwise added thereto, followed by 
stirring for 5 minutes. The resulting mixture is added to the previously 
obtained mixture at -10°C, and Stirling is continued for 30 minutes. After 
concentration under reduced pressure, ethyl acetate is added thereto, and 
the resulting mixture is washed with 5 % hydrochloric acid twice and 
aqueous sodium chloride solution once, dried over anhydrous magnesium 
sulfate and concentrated under reduced pressure to give the above objective 
compound (730 mg). 

NMR ( 5 ppm, deutero-dimethylsulfoxide): 

III ( I B , ■ ) , HI ( t I , l ) ( Ul ( 
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[Example 171 




Diphenylmethyl 7-[D-[2-(2,3-dioxo-4-ethylpiperazin-l- 

yl)carbonylaminolphenylacetamido]-3-(l-methyl-lH-tetrazol-5- 

y l)thi om ethyl-3-ceph em -4- carboxylate 

Diphenylmethyl 7-amino-3-(l -methyl- lH-tetrazol-5-yl)thiomethyl-3-cephem- 
4-carboxylate (241 mg), D-[2-(2,3-dioxo-4-ethylpiperazin-l- 

yl)carbonylamino]phenylacetic acid (160 mg) and N,N-diethylaniline (164 
mg) are dissolved in methylene chloride (10 ml) and cooled to -10 "C. 
Phosphorus oxychloride (77 mg) is dropwise added thereto, and stirring is 
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effected at the same temperature as above for 20 minutes. The reaction 
mixture is admixed with ethyl acetate, washed with dilute hydrochloric acid, 
a 5% aqueous solution of sodium hydrogen carbonate and an aqueous sodium 
hydrochloride solution in order, dried over anhydrous magnesium sulfate 
and concentrated under reduced pressure to give the above objective 
compound (372 mg). 
NMR ( 6 ppm, deutero-chlorofororm): 

I » # » J , 1TI (ll.l). 411 < 1 » . 
(Jl, ■ ) . MM ' 4 it ) , M-W I 

is ■ , • > t *»• C » » -p a r J - • *■ > . 



21 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 



-kTBLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




